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A field study was initiated to compare the effects of four
herbicides for spotted knapweed control. Picloram, clopyralid,
picloram + clopyralid, and metsulfuron methyl were sprayed on
three spotted knapweed infested range sites. The objectives
were: 1) to determine which herbicide(s) provide the best
control of spotted knapweed, 2) to determine whether burning
prior to spraying would increase herbicide effectiveness,
3) to determine grass standing crop response following treatment,
and 4) to compare herbicide effects on non-target forb species.
Herbicides were applied during the spring of 1985. Standing
crop was measured by clipping 0.5 m^ sample plots, three months
and 15 months after spraying. Density measurements were used
to compare treatments for knapweed reinvasion and for treatment
effects on non-target forbs, 12 months following treatment.
The most effective herbicide for spotted knapweed control was
picloram, followed by picloram + clopyralid, clopyralid, and
metsulfuron methyl, in the order listed. Picloram, picloram +
clopyralid, and clopyralid provided 100% initial control.
After 15 months, 0.42 kg/ha of picloram continued to prevent any
spotted knapweed growth. All other treatments were reinfested
to some degree, with clopyralid having the least residual
effectiveness. Metsulfuron methyl initially caused some
suppression of knapweed growth, but did not kill this species.
Burning had no apparent influence on herbicide effectiveness.
On treatments that initially controlled knapweed, total grass
standing crop increased by up to 375% after 15 months. Kentucky
bluegrass, Canada bluegrass, and prairie junegrass increased
more readily than species such as rough fescue, Idaho fescue, and
bluebunch wheatgrass; however, all grasses were observed to
increase in size and vigor following knapweed removal.
Clopyralid was the most selective herbicide for the forb
species tested. Picloram + clopyralid was of intermediate
selectivity. Picloram and metsulfuron methyl were least
selective, causing considerable damage to several non-target
forb species.
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INTRODUCTION

Spotted knapweed (Centaurea maculosa) has aggressively
invaded extensive areas of Montana rangelands.

As knapweed

increases, production of more desirable but less
competitive grasses and forbs significantly decreases
(Harris and Cranston, 1979).

Problems resulting from

spotted knapweed invasion include economic losses due to
reduced livestock production, as well as environmental
damage, e.g. reduced vigor of native plant populations,
displacement of elk from normal winter ranges, and less
plant diversity on infested sites.
Attempts to reduce the spread of spotted knapweed have
been largely unsuccessful.

Many control methods have been

studied, but most have been either ineffective, or
unacceptable for widespread use.

One method of control

that has shown promise is the use of selective herbicides.
Of the herbicides tested, picloram has given the best longterm spotted knapweed control (Renney and Hughes, 1969;
Chicoine, 1984).

More information is needed concerning

the most cost effective rate to spray, best time to spray,
and herbicide effects on other forbs.

In addition, there

may be other herbicides that will effectively control
knapweed, but with less cost or more selectivity.
The primary objective of this study was to assess
changes in three plant communities after spraying
1
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herbicides for spotted knapweed control.

Specif.ic

objectives were: 1) to determine which herbicides(s)
provide the best control of spotted knapweed, 2) to
determine whether burning prior to spraying would increase
herbicide effectiveness, 3) to determine grass standing
crop response following treatment, and 4) to compare
herbicide effects on non-^target forb species.
The four herbicides used were:

picloram (4-amino-

3,5,6-trichloropicolinic acid), clopyralid (3,6dichloropicolinic acid), picloram + clopyralid, and
metsulfuron methyl (methyl 2-[[[[(4-methoxy-6-methyl-l,3,5triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoate).

Some

treatments consisted of burning prior to spraying, to
determine if burning altered herbicide effectiveness.
Standing crop of spotted knapweed and major grasses, and
changes in forb composition, were measured to determine the
overall changes in the plant communities.

LITERATURE REVIEV7

Spotted knapweed is native to eastern Europe.

The

species was introduced to North America as a contaminant in
%

European alfalfa seed, and was first noted near Victoria,
British Columbia, during the late 1800's (Maddox, 1982).
Spotted knapweed spread from British Columbia, reaching
western Montana by the mid 1920's (Story, 1984).

Knapweed
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now infests approximately 810,000 ha in Montana and about
32,000 ha in both Idaho and Washington (Maddox, 1979).
Spotted knapweed spread is considered to be the worst weed
problem on western Montana rangeland (French and Lacey,
1983), with infestations occurring in every Montana county
(Bucher, 1984).

B iology

Spotted knapweed is a short-lived perennial plant with
two growth forms.

During its first year the plant develops

a rosette, from which flower stems emerge during the second
and subsequent years.

The flower heads bear numerous

seeds, which provide the primary means of reproduction.
Seeds normally fall very close to the parent plant (Renney
and Hughes, 1969); however, they are easily transported
from existing stands via animals, vehicles, hay, etc.,
allowing rapid formation and spread of new infestations.
Knapweed seeds will germinate under a wide range of
conditions.

Spears et al. (1980) studied the effects of

seeding depth, initial soil moisture, and canopy cover on
spotted knapweed emergence.
germinated most readily.

Seeds on the surface

At least 55% initial soil

moisture was required for germination, with 70% resulting
in the highest germination rates.

Canopy cover had no

recognized effect on seed germination.
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The season of germination influences spotted
knapweed's ability to produce flowers.

Schirman (1981)

found that most plants germinating in March and April
produced flowers during their second year, while plants
germinating in June, July, or later, did not flower until
their third year of growth.
Several characteristics enhance spotted knapweeds
competitive advantage over most native plant species.
First, as an introduced species, knapweed has few natural
enemies in North America. In addition, the environment of
the northwestern United States and southwestern Canada is
similar to regions in Europe where knapweed is naturally
most aggressive (Harris and Cranston, 1979).

This

combination makes spotted knapweed extremely competitive
for nutrients (Belles et al. 1980) and soil moisture.
Other advantages stem from knapweeds versatility.

The

plant can produce seed with below normal rainfall, and then
invade areas where other vegetation is weakened by drought
(Baker et al. 1979).

Similarly, spotted knapweed can grow

during the early spring and late fall, becoming established
and using nutrients while most plants remain dormant (Baker
et al. 1979).
Most grazing animals selectively avoid spotted
knapweed.

Locken (1985) concluded that cnicin, a bitter

tasting chemical in knapweed leaves, probably acts to deter
grazing.

Cnicin was originally thought to give spotted
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knapweed allelopathic activity against other plants
(Fletcher and Renney, 1963),

but recent evidence indicates

that spotted knapweed has little if any allelopathic effect
(Locken, 1985).
A final advantage of spotted knapweed is its enormous
seed production.

Estimates of seed production range from

an average of 349 (Watson and Renney, 1974) to about 1000
(Schirman, 1981; Story, 1976) seeds per flowering plant per
year.

Some seeds can remain viable in the soil for at

least 5 to 6 years (Chicoine, 1984), and are thus available
to reinfest a site after growing plants are removed.

Losses Caused by Knapweed Invasion

Reduced forage production is the primary problem on
knapweed-infested rangeland.

Harris and Cranston (1979)

found that forage production declined to as little as 12%
of normal in bluebunch wheatgrass/rough fescue (Elymus
spicatus/Festuca scabrella) grasslands in British Columbia.
Bucher (1984) estimated that average forage production on
infested grasslands is reduced more than 60 percent.

This

forage loss could cost Montana's cattle and sheep industry
more than 150 million dollars annually (Bucher, 1984).
The cost of spotted knapweed aggression extends well
beyond monetary losses suffered by ranchers.

Elk winter

ranges are among the most susceptible areas, and many have
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been extensively invaded.

Spoon et al. (1983) estimated

that elk populations on the Lolo National Forest could
decline by up to 220 animals per year by 1998, and that
most of this decline would be directly attributable to
forage losses caused by spotted knapweed invasion.

Control

Attempts to reduce the spread of spotted knapweed have
met with little success.

Burning is not effective because

seeds in the soil are protected and can quickly reinfest
the site (Renney and Hughes, 1969).

Mowing is also

ineffective (Baker et al. 1979) because flowers develop
from buds near the ground after the top of the plant is
removed.
Several biological control agents have been tested for
knapweed control.

Cox (1983) found that high intensity

grazing by sheep could essentially eliminate spotted
knapweed seed production.

A disadvantage is that several

years of extremely heavy grazing to control knapweed would
probably result in considerable damage to desirable forage
species, and would provide a highly disturbed site that is
susceptible to knapweed reinvasion.
A native fungus, (Sclerotinia sclerotiorum) has shown
potential as a biological control agent.

Several isolates

of this species were applied to spotted knapweed, and
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preliminary results have shown that some of the isolates
increase spotted knapweed mortality (Bedunah, 1986).
Another option for biological control is to obtain
natural insect enemies from Europe for release in North
America.

Two seedhead gall flies, Urophora affinis and U.

quadrifasciata, are widely established on spotted knapweed
in Montana (Story, 1984).

The larvae of these flies form

galls in knapweed flower heads, thereby diverting energy
from seed production (Story and Nowierski, 1984).

The

^

presence of galls has resulted in lowered seed production
(Harris, 1980), but not enough to slow knapweeds spread
(Maddox, 1982J.

A seed eating moth (Metzneria

paucipunctella) and a root mining moth (Agapeta zoegana)
have been released more recently (Story and Nowierski,
1984).

It is hoped that the combined effects of these four

insects, along with others that may be released, will
eventually reduce knapweed's competitive advantage.
Herbicides have been used with some success for
knapweed control.

Picloram has proven most effective,

providing excellent initial control (Renney and Hughes,
1969; Hubbard, 1975; Chicoine, 1984), with residual
effectiveness for two to four years following treatment
(Renney and Hughes, 1969; Ali, 1984; Chicoine, 1984).
Several other herbicides, including 2,4-D, 2,4-D amine,
2,4-D ester, dicamba, and MCPA have been tested for
knapweed control (Renney and Hughes, 1969; Ali, 1984;

Chicoine, 1984).

Dicamba (Furrer and Fertig, 1965) 2,4-D

amine (Chicoine, 1984; Furrer and Fertig, 1965), 2,4-D
(Ali, 1984), and 2,4-D ester (Renney and Hughes, 1969;
Furrer and Fertig, 1965) can provide effective short-term
control, but have very little residual effectiveness.
In spite of their proven effectiveness against
knapweed, herbicides have some limitations for use on
rangeland.

Short-lived herbicides like 2,4-D and dicamba

are very inconvenient, because repeated applications are
needed until the seed reserve in the soil is exhausted.
Picloram, with its slower rate of decomposition, requires
less follow-up spraying, but its cost is prohibitive to
many ranchers.

In addition, Harris and Cranston (1979)

point out that many native forbs, which may be important
for wildlife, are often killed by herbicides.
Despite these problems, herbicides have beneficial
qualities that favor their use on grasslands.

Several

studies (Scifres and Halifax, 1972; Chicoine, 1984;
O'Sullivan and Kossatz, 1984b; Scotter, 1975) have shown
that most grass species are highly tolerant of the
herbicides used on knapweed.

Forage grasses can therefor

increase production quite soon after knapweed removal.
Chicoine (1984) found that grass production increased 200
to 500% following knapweed control with picloram.

Renney

and Hughes (1969), also using picloram, found that grass
production increased 2- to 10-fold after knapweed control
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Sheley et al. (1984) found that picloram applied with
fertilizer resulted in several times as much grass
production as picloram alone.
Another possible advantage of herbicides lies in their
chemical instability.

The herbicides are degraded by

natural environmental processes (Johnsen and Martin, 1983;
Scifres et al. 1977; Pik et al. 1977; Scifres et al. 1971a;
Scifres et al. 1971b), so there should be no buildup of
chemicals that could cause environmental damage.

Advantages of Pre-treatment Burning

Burning prior to herbicide application could increase
herbicide effectiveness for knapweed control, and
subsequent plant growth.

Standing litter intercepts some

herbicide, which may be degraded before reaching live
knapweed or the soil surface.

Litter removal allows a more

effective overall coverage of growing plants and the soil
surface.

By getting more herbicide on knapweed and into

the soil, the effectiveness of a given rate of herbicide
should increase.
A second advantage is that spring burning followed by
spring rains should provide unusually warm and moist
conditions, enhancing seed germination (Vogl, 1974).

By

increasing knapweed seed germination, and then applying
herbicide to kill the seedlings, fewer seeds will remain in
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the soil.

By reducing the seed reserve, reinfestation

should be less of a problem, so less follow-up spraying
should be needed.

The dry conditions that occurred after

burning probably reduced spotted knapweed germination
(Spears et. al, 1980), so the seed reserve was probably not
significantly reduced.
A final advantage of burning is that ash on the soil
provides a flush of available nutrients (Vogl, 1974).
These nutrients may act to fertilize the site, improving
conditions for remaining plants.

P icloram

Picloram effectively controls most broadleaf weeds
(Anonymous, 1983a).

Most grasses are resistant to picloram

(Anonymous, 1983a; Scotter, 1975; O'Sullivan and Kossatz,
1984b; Scifres and Halifax, 1972), although some grasses
have reduced growth (Scifres and Halifax, 1972) and others
may be damaged if picloram is applied to very young
seedlings (Arnold and Santelmann, 1966).

Picloram affects

most broadleaf crops, except for species of the family
Brassicaceae (Anonymous, 1983a).

Picloram can be absorbed

through foliage and roots and is translocated throughout
the plant (Bovey and Mayeux, 1980; Anonymous, 1983a; Sharma
et al. 1971).

Sharma et al. (1971) found that high
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relative humidity increased the penetration of picloram
into the leaves of Canada thistle (Cirsium arvense).
Environmental degradation of picloram occurs primarily
through photodecomposition.

Microbial degradation in the

soil also occurs (Fryer et al. 1979; Herbicide handbook,
1983), and some herbicide may be lost through leaching in
course textured soils (Merkle, Bovey, and Davis, 1967).
The half-life of picloram in the soil varies from one month
to four years, depending on the environmental conditions
(Pik et al. 1977).
Photodecomposition results from exposure of picloram
to ultraviolet radiation.

Johnsen and Martin (1983) found

that 95% of the picloram residues left on exposed surfaces
of foliage, rock, and soil had decomposed after four days.
The rate of decomposition is also related to elevation
(Johnsen and Martin, 1983), with more rapid degradation at
higher elevations.
Degradation by microbes varies, depending on the
nature of the microbes, and conditions in the soil that
affect their activity (Hamaker et al. 1967).

Microbial

decomposition increases with adequate water, higher
temperature, and higher organic matter content (Herbicide
handbook, 1983; Fryer et al. 1979).
In general, most of the picloram that is applied to a
site is lost from the soil profile (Fryer et al. 1979;
Scifres et al. 1971b; Scifres et al. 1977) and from
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affected broadleaf species (Scifres et al. 1971a) within a
few weeks to a year after application.

Evidence has shown

that most of the picloram remains in the upper few inches
of the soil until it is decomposed (Scifres et al. 1971b;
Hamaker et al. 1967), with little removed from the site in
run-off water (Goring and Hamaker, 1971).

Clopyralid

Clopyralid has proven most active against members of
the Polygonaceae, Fabaceae, and Asteraceae families, with
high tolerance shown by the Poaceae and Brassicaceae
(Anonymous, 1985).

Jacoby et al. (1981) found no evidence

of grass injury following treatment with clopyralid.
Like picloram, clopyralid is absorbed via leaves and
roots of plants, and is translocated through the plant
(Haagsma, 1975; Devine and Born, 1985; Bovey and Mayeux,
1980).

O'Sullivan and Kossatz (1984a) and Haagsma (1975)

found that plants that are actively growing absorb more
herbicide than plants in the flowering stage.

Plants

growing under conditions of high relative humidity (_> 95%)
absorbed about twice as much herbicide as those growing at
low relative humidity (about 40%) (O'Sullivan and Kossatz,
1984a).
Soil microbes are the primary agents of clopyralid
degradation (Pik et al. 1977; Haagsma, 1975), with little
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if any photodecomposition occurring (Anonymous, 1983a)

The

average half-life is 12 to 70 days (Anonymous, 1983a), with
degradation increasing as soil moisture and temperature
increase, and decreasing with higher organic matter content
(Pik et al. 1977).

Pik et al. (1977) found that cold and

dry conditions drastically reduced decomposition of
clopyralid, and that decomposition continued to be
relatively slow after overwintering in the soil.
Clopyralid has proven to be effective against such
species as Canada thistle (O'Sullivan and Kossatz, 1984a;
Devine and Born, 1985; O'Sullivan and Kossatz, 1982;
Whitesides and Appleby, 1978; Turnbull and Stephenson,
1985; Keys, 1975), wild buckwheat (Polygonum convolvulus)
(Keys, 1975), Russian thistle (Salsola kali) (Keys, 1975),
and honey mesquite (Prosopis juliflora) (Bovey and Mayeux,
1980; Jacoby et al. 1981).
The herbicide induces an auxin-type response in plants
(Haagsma, 1975), but the exact physiological activity is
unknown (Anonymous, 1983a).

Neither plants nor animals are

known to metabolize clopyralid, and when ingested by
animals, the compound is rapidly excreted, with no
accumulation in any animal tissues (Haagsma, 1975).

Metsulfuron methyl

Metsulfuron methyl has residual, broad spectrum
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activity for broadleaf weeds and is absorbed into plants
through foliage and roots (Anonymous, 1983b).

Species from

several families, including the Brassicaceae, Asteraceae,
Polygonaceae, Caryophyllaceae, and Boraginaceae, have shown
susceptibility to this herbicide (Warner et al. 1986).
The herbicide is most stable when the pH is above
seven, and possesses a laboratory half-life of
approximately two to three weeks.

Degradation of

metsulfuron methyl occurs primarily by acid hydrolysis and
microbial activity (Nelson, 1986).
Roberts and Bond (1984) found that the herbicide is
most active when applied pre-emergence or early postemergence.

Metsulfuron methyl has been shown to kill or

suppress many species, including Canada thistle, Russian
thistle, and Kochia (Kochia spp.) (Warner et al. 1986).
Metsulfuron methyl activity is promoted by warm, moist
conditions following treatments, while cold, dry conditions
may reduce or delay activity (Anonymous, 1986).

MATERIALS AND METHODS

Site Description

Study plots were established on three sites during the
spring of 1985.

One site was located about 65 km northeast

of Missoula on the Blackfoot-Clearwater game range (T15N
R14W S21, alluvial flat receiving approximately 40.5 cm of
annual precipitation).

The second site was on the

Threemile game range about 40 km south of Missoula (T38N
R18W S17, abandoned farmland receiving approximately 32 cm
of annual precipitation).

The third site was about 3 km

south of Lolo Montana (TllN R20W S10, grazed pasture
receiving approximately 32 cm of annual precipitation).
Common characteristics of the three sites include:
1.

Dense and relatively uniform spotted knapweed
infestations.

2.

Originally grassland.

3.

Many native forbs present, allowing comparison of
herbicide selectivity.

4.

Sandy-loam surface horizon.

Appendix 1 contains a list of all grasses, forbs, and
shrubs found on the three sites (Dorn, 1984).
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Herbicides

The herbicides used in this study were picloram,
clopyralid, picloram + clopyralid, and metsulfuron methyl,
picloram, clopyralid, and the picloram + clopyralid mixture
were applied in liquid form, using water as a carrier.
The metsulfuron methyl was a 60% dry flowable
formulation which formed a suspension in water.

Continuous

agitation was maintained to keep the herbicide in
suspension.

Surfactant was added in a 0.25 v/v ratio to

promote adherence of the herbicide to foliage.

Treatments

Treatments consisted of 15 herbicide applications and
a control.

The herbicide treatments were:

picloram,

clopyralid, and the picloram + clopyralid mixture applied
at 0.14 kg, 0.28 kg, and 0.42 kg of active ingredient
(a.i.) per hectare.

The metsulfuron methyl was applied at

0.035 kg, 0.07 kg, and 0.14 kg a.i./hectare.

These rates

of metsulfuron methyl were expected to have approximately
equal activity as the 0.14 kg, 0.28 kg, and 0.42 kg rates
of the other herbicides (Warner, 1984).

Additional

treatments consisted of spraying 0.14 kg a.i./ha of
clopyralid and picloram + clopyralid, and 0.035 kg a.i./ha
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of metsulfuron methyl on plots that had been burned to
remove plant litter.

Burning

Plots were burned during April of 1985.

Black lines

were burned first to provide a firebreak around the border
of each plot.

Fuel in the plot was then ignited on the

upwind side using a drip-torch.

Patches that did not burn

were reignited, so that most of the standing litter was
consumed.
Measurements of relative humidity and wind speed were
taken at the time of burning.

Relative humidity was

measured using wet and dry bulb temperature and relative
humidity tables, and ranged from 20% to 30% at the time of
burning.

Wind speed was measured using a Dwyer animometer,

and ranged from 0 to 15 km/hour.

Herbicide Application

Herbicides were applied during the first two weeks of
May, 1985, using a boom sprayer.

The weather was calm and

sunny at all three sites, so herbicide drift was
negligible.
The sprayer's boom swath was 8 feet 4 inches wide, so
three or four swaths (depending on the site) were sprayed
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in each treatment plot.
spray overlap.

Adjacent swaths may have had some

All data samples were collected from the

middle of the sprayer swaths to avoid these areas.

Sampling Procedures

Annual standing crop (kg/ha) was measured by clipping
current years vegetation near ground level.
with an area of 0.5 m^ were used.
oven-dried at 65 °C and weighed.
were clipped separately.

Sample plots

Vegetation was clipped,
The most common species

Less common grass species were

grouped, with the relative weights of each species being
estimated.

Spotted knapweed was clipped and weighed

separately.

Forbs were clipped as a group with two

exceptions:

1) All forbs clipped during the summer of

spraying were clipped as a group, but the relative weight
of each species on each plot was estimated, and

2.

silky

lupine (Lupinus sericeus) and northwest cinquefoil
(Potentilla gracilis) were common on threemile game range,
so the relative weights of these two species were estimated
as a percent of total forb production.
Plots were clipped three months and 15 months after
spraying.

Plots to be clipped were randomly located within

each treatment, but were in the center of the sprayer
swaths to avoid areas of herbicide overlap.
in each treatment plot were clipped.

Four samples
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Clipping was informative for grass and spotted
knapweed, but did not provide much information concerning
the response of most forbs.

Two additional measurements

were used to better quantify the response of various forbs.
The first measurement was of occurrence of early
spring forbs.

Each plot was visually inspected, and all

forb species occurring in each treatment plot were noted.
This gave an estimation of how some of these early forbs
were affected.
Forb density was measured during the late spring of
1986, approximately 13 months after spraying.

Density was

measured by counting the number of plants of each species
in randomly-placed 0.2 m2 plots.

A total of 20 density

plots were measured in each treatment of each block.

Experimental design

A randomized complete block experimental design was
used.

Blocking was used to adjust for perceived

differences in vegetation, primarily grass composition, and
slight differences in aspect, that occurred on the study
sites.

Treatments were randomly assigned to the plots

within a block, so that each treatment was replicated once
in each block.

Appendix 2 diagrams the treatment

arrangement for each site.
Treatment plot size differed slightly between sites.
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Plots on the Blackfoot site were 12.15 m wide by 36.5 m
long.

Those on the Lolo and Threemile sites were 9.12 m

wide by 36.5 m long.

Statistical Analysis

Statistical analyses were performed on production and
density data using an analysis of variance for a randomized
complete block design (Ott, 1984).

Additional analyses

consisted of a 3 X 3 factorial to compare spotted knapweed
and total grass standing crop, and knapweed density, on the
0.14 kg, 0.28 kg, and 0.42 kg rates of picloram, picloram +
clopyralid, and clopyralid.

For species that had

significant differences between treatments (alpha = 0.05
for spotted knapweed and total grass, alpha = 0.10 for
other species), Duncan's new multiple range test was used
to compare means (Ott,1984).

Appendix 3 contains a list of

the data means that were compared.
All data were transformed before analysis of variance
using the following transformation:

y=log(y+l).

This

transformation was used to make the sample variances more
homogeneous.

RESULTS AND DISCUSSION

Two occurrences during 1985 should be considered while
interpreting these results.

First, the spring and summer

of 1985 were extremely dry, with precipitation only onequarter to one-half of normal.

Appendices 4 and 5 contain

monthly precipitation data for 1985 and 1986.

In addition

to the drought, two of the sites received some grazing
during 1985.
Because of the dry conditions, most plants grew very
little during the three months between herbicide spraying
and data collection in 1985.

Under normal circumstances, a

large percentage of a grasses' roots die and are replaced
each year.

The lack of growth (photosynthesis) during the

dry period probably resulted in a considerable loss of root
biomass, because root growth would not have been sufficient
to replace those that died (Stoddart et al.

1975).

During

1986, grasses may have used most of their available energy
to increase root production at the expense of leaf growth.
For this reason, the standing crop increase in response to
knapweed removal may be less than normal through 1986.
A second occurrence was that the Threemile site and
two blocks on the Clearwater site were grazed by trespass
cattle during the summer (Threemile) and fall (Clearwater)
of 1985.

The burned plots were observed to be most heavily

grazed, but all picloram, picloram + clopyralid, and
21
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clopyralid treatments were grazed.

The drought and grazing

reduced the ability of forage species to increase growth
following knapweed removal.

Therefore, standing crop

increases found in this study were probably less than could
be expected under better post-spraying conditions.

Spotted Knapweed Response

Picloram, clopyralid, and picloram + clopyralid
treatments killed all knapweed plants that were growing at
the time of spraying.

No knapweed growth was observed on

any of these treatments after spraying during 1985, but
approximately 30 kg/ha of spotted knapweed standing crop
was present at the time of spraying (Figure 1).

Picloram

has been used previously to control spotted knapweed, with
0.28 kg/ha providing excellent initial control (Chicoine,
1984).
Metsulfuron methyl did not reduce spotted knapweed
standing crop on the Clearwater site, but at Lolo, knapweed
standing crop was reduced by the 0.035 kg + burn, the 0.07
kg, and the 0.14 kg treatments.

Visual observations

indicated that metsulfuron methyl stunted spotted knapweed
growth, but was not lethal.
Fifteen months after spraying, 0.28 kg and 0.42 kg of
picloram continued to provide excellent spotted knapweed
control, reducing the standing crop by 98% to 100% on all
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Figure 1.

Spotted knapweed standing crop (kg/ha), Lolo site,
three months after treatment.

1 Meana with the sane letter are not significantly different at the
O.OS probability level.
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sites (Figures 2-4).
kg treatments.

No spotted knapweed grew on the 0.42

The 0.14 kg rate of picloram continued to

control 99% of the knapweed on the Lolo site (Figure 2),
but lost effectiveness on the Clearwater (68% control) and
Threemile (83% control) sites (Figures 3-4).
These results can be compared with findings by
Chicoine (1984) who found that 0.14 kg and 0.28 kg of
picloram provided 100% control of spotted knapweed 14
months after treatment.

Similarly, Renney and Hughes

(1969) obtained 100% control after 12 months on plots
treated with 0.28 kg of picloram.
The relative increase in knapweed production on the
0.14 kg picloram treatments at Clearwater was much larger
than that found on the other sites.

In addition,

comparisons were made between corresponding rates of
picloram, picloram + clopyralid, and clopyralid.

The

relative increase in knapweed growth was much greater with
0.14 kg of picloram than on the same rate of the other
herbicides.

Because the results for 0.14 kg of picloram at

Clearwater were so inconsistent, it was believed that a
mistake was made at the time of spraying and that the
actual application rate was less than 0.14 kg/ha.
Picloram + clopyralid and clopyralid allowed some
spotted knapweed growth, particularly the 0.14 kg rates.
The 0.28 kg and 0.42 kg rates of picloram + clopyralid gave
comparable results, reducing knapweed standing crop by
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Figure 2.

Spotted knapweed standing crop (kg/ha), Lolo site,
15 months after treatment.

2 Hean« with the eame letter are not significantly different at the
0.OS probability level.
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Figure 3.

Spotted knapweed standing crop (kg/ha),
Clearwater site, 15 months after treatment.

3 Means ,with the same letter are not significantly different at the
0.OS probability level.
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Figure 4.

Spotted knapweed standing crop (kg/ha), Threemile
site, 15 months after treatment.

*Means with the flam* letter are not significantly different at the
0.OS probability level.

28

91% at Clearwater to 100% at Lolo.

Knapweed control by

0.14 kg of picloram + clopyralid was similar for burned and
unburned treatments, with knapweed standing crop reduced by
88% to 98% over the three sites.
Clopyralid alone was slightly less effective than when
mixed with picloram.

Clopyralid at 0.28 kg to 0.42 kg

provided 87% to 96% control on all three sites.

On these

treatments, all invading knapweed plants were seedlings.
However, on plots treated with 0.14 kg of clopyralid, some
mature spotted knapweed plants and many seedlings were
present.
Reinvasion by knapweed was most pronounced on the
burned treatments at Threemile (Figure 4).

This increase

in knapweed probably resulted in part from the heavy
grazing that occurred at Threemile during the summer of
1985.

From these results, it appears that grazing

disturbance may greatly increase the reinfestation rate
once a herbicide loses effectiveness.
Spotted knapweed density after 12 months gave
additional information concerning herbicide residual
effectiveness.

No knapweed plants were found on plots

treated with 0.42 kg of picloram on any site (Figures 5-7).
The 0.28 kg rate was nearly as effective, providing 100%
control on the Lolo site (Figure 5), 99% control at
Threemile (Figure 6), and 96% control on the Clearwater
site (Figure 7).

Picloram applied at 0.14 kg/ha maintained
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Figure 5.

Spotted knapweed density (plants/m ), Lolo site,
13 months after treatment.

^Means *lth the same letter are not significantly different at the
0.OS probability level.
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Figure 6.

Spotted knapweed density (plants/m ), Threemile
site, 13 months after treatment.

®Means vith the same letter are not significantly different at the
0.05 probability level.
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Figure 7.

2

Spotted knapweed density (plants/m ), Clearwater
site, 13 months after treatment.

'Means. *ith the same letter are not significantly different at the
0.05 probability l*v«l.
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essentially 100% control at the Lolo site, with only 1.3
knapweed plants per m2.

Residual activity provided about

94% control at Threemile, with 14.7 plants per m2 compared
to 238.6 plants per m2 for the control.

Essentially all

knapweed plants growing on the above treatments were
seedlings or rosettes, which should produce no seed until
at least 1987 (Schirman, 1981).

At the Clearwater site,

0.14 kg picloram was much less effective than on the other
sites, averaging 151 spotted knapweed plants per m2.
Again, this lack of control compared to the other sites and
compared to corresponding rates of the other herbicides
indicates that the applied rates may have actually been
less than 0.14 kg/ha.
In a previous study, Chicoine (1984) found that
picloram gave similar results.

Fourteen months after

treatment, no mature spotted knapweed plants were found on
0.14 kg to 0.28 kg of picloram, although some seedlings
were found on the 0.14 kg treatments.
Picloram + clopyralid treatments generally had more
knapweed reinfestation than corresponding picloram
treatments on all three sites (Figures 5-7).

The one

exception to this trend was on the Clearwater site, where
0.14 kg of picloram had more reinvasion than the 0.14 kg
picloram + clopyralid + burn and 0.14 kg picloram +
clopyralid treatments (Figure 7).

Knapweed density was

reduced 95% to 100% by 0.42 kg of picloram + clopyralid,
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90% to 100% by the 0.28 kg rate, and 84% to 96% by the 0.14
kg and 0.14 kg + burn treatments.

There was no difference

in knapweed density between burned and unburned plots.
Clopyralid generally provided less residual control
than picloram and picloram + clopyralid.

Spotted knapweed

seedlings were present and appeared vigorous on all
clopyralid treatments.

Reinfestation ranged from about 60

plants/m2 on the 0.42 kg rate, to more than 160 plants per
m2 on some 0.14 kg treatments.

Many of these plants would

produce flowers during their second year of growth.

Based

on the rate of seedling reinvasion, respraying would
apparently be necessary every second year to maintain
control of spotted knapweed using clopyralid.
Metsulfuron methyl did not reduce knapweed density
compared to the control.

Mature spotted knapweed plants

were common and flowered successfully on all metsulfuron
methyl treatments.
General comparisons indicate that equal rates of
picloram, picloram + clopyralid, and clopyralid are most
effective for spotted knapweed control in the order listed.
This conclusion is based on the ability of picloram to
prevent knapweed reinvasion to a greater degree than equal
rates of picloram + clopyralid and clopyralid.

All three

herbicides gave the most effctive knapweed control when
applied at 0.42 kg/ha.

Metsulfuron methyl causes little

impairment of spotted knapweed growth, at least under the
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conditions in which it was applied here.
The herbicides were generally most effective at the
Lolo site, especially in terms of preventing reinfestation.
This may reflect the lack of post spraying disturbance at
Lolo compared to the Clearwater and Threemile sites.

Response by Grass Species

Annual standing crop was measured individually for
rough fescue, bluebunch wheatgrass, Idaho fescue (Festuca
idahoensis), threadleaf sedge (Carex filifolia), prairie
junegrass (Koeleria macrantha), and Kentucky bluegrass (Poa
pratensis) to determine how each species responded to
spotted knapweed control.
measured on each site.

Total forage production was also

The standing crop of prairie

junegrass, Kentucky bluegrass, and total forage production
increased following spotted knapweed removal.

Visual

observations indicated that the other species increased in
size following knapweed removal.
Prairie junegrass production increased on all
picloram, picloram + clopyralid, and clopyralid treatments
(Figures 8 and 9).

On the Clearwater site, junegrass

standing crop increased 400% to 800% compared to the
control (Figure 8), while on the Lolo site, production
increased 400% to 1600 percent (Figure 9).
Kentucky bluegrass response to knapweed removal was
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Figure 8.

Prairie junegrass standing crop (kg/ha), Lolo
site, 15 months after treatment.

®Mean* with the same letter are not significantly different at the
0.10 probability level.

36

PRAIRIE JUNEGRASS
8OO-1

600

400-

200-

HERBICIDE
S 3 Control
• I Piclorom

1

GO Piclorom Clopyrolid
0 Clopyralid
9 Metsulfuron m e t h y l

<, * ®>V°ro.\\*
03
0'

0*

-^VVV'WV^

HERBICIDt TREATMENTS (kg a.i./ha)

Figure 9 .

Prairie junegrass standing crop ( k g /ha),
Clearwater site, 15 months after treatment

®Heana- with the
letter arc not significantly different at the
0.10 probability level.

measured at Threemile, where Kentucky bluegrass was the
dominant grass species.

As with prairie junegrass,

Kentucky bluegrass production increased on all treatments
that initially controlled knapweed (Figure 10).

Standing

crop increases ranged from 180% on the burned plots to 350
on 0.42 kg picloram treatments.
Total grass standing crop increased on all sites
following knapweed removal.

At Lolo, total grass standing

crop increased by 240% to 360% following knapweed control
(Figure 11).
Results were similar, but less consistent at
Clearwater and Threemile.

Grass standing crop generally

increased on picloram, picloram + clopyralid, and
clopyralid treatments.

Metsulfuron methyl treatments did

not have increased grass production.
On the Clearwater site, 0.28 kg and 0.42 kg of
clopyralid, 0.42 kg of picloram + clopyralid, and all
picloram treatments resulted in increased grass standing
crop.

These inreases ranged from 200% to 375% over the

control (Figure 12).

At Threemile (Figure 13), grass

production did not increase on the burned plots.

All othe

treatments that initially controlled knapweed had
corresponding increases in total grass standing crop.
These increases ranged from 190% to 290% over the control,
which produced 710 kg/ha.
Similar, but slightly greater increases in grass
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Figure 10.

Kentucky bluegrass standing crop (kg/ha),
Threemile site, 15 months after treatment.

10Meana vith the same latter are not significantly different at the
0.10 probability level.
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Figure 11.

Total grass standing crop (kg/ha), Lolo site,
15 months after treatment.

^Heana vith the same letter are not algnificantly different at the
0.OS probability level.
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Figure 12.

Total grass standing crop (kg/ha), Clearwater
site, 15 months after treatment.

^^fleane with the same letter are not significantly different at the
0.OS probability level.
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Figure 13.

Total grass standing crop (kg/ha), Threemile
site, 15 months after treatment.

l 3 n•ana with the same letter are not significantly different at the
0.05 probability level.

42

standing crop (300% to 400%) were found by Chicoine (1984)
14 months after knapweed removal.

Considering the droughty

conditions, and the grazing that occured at Threemile and
Clearwater, these results seem very comparable.
Several grass species did not have increased standing
crop compared to the control, but did appear larger and
more vigorous where knapweed was controlled.

These species

include bluebunch wheatgrass, rough fescue, Idaho fescue,
threadleaf sedge, onespike oatgrass (Danthonia unispicata),
and Canada bluegrass (Poa compressa).

These grasses

exhibited extreme variability between samples, because
plants were often widely separated, and differed
considerably in size.

This variability may have been one

reason for the lack of statistical significance.

Canada

bluegrass in particular increased growth dramatically, but
was only present in small patches, so only a few samples
were collected.
Another possibility is that the bunch grasses were
still recovering from the previous year's drought.

Herbage

production may show a greater increase for these species
during the 1987 growing season, at least on treatments that
continue to control knapweed.

Herbicide Selectivity

A herbicide that kills spotted knapweed, but also
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kills many other forbs, would be ecologically and
aesthetically harmful.

Native forbs may improve site

fertility (e.g. N2 fixation by some species), recycle
nutrients, help hold soil, are seasonally important in the
diets of many animals, and are visually pleasing.

For

these reasons, herbicides to be applied on rangeland should
be chosen for selectivity as well as ability to control the
target weed.
Density measurements, observations on the sites, and
standing crop measurements were used to assess the effect
of each herbicide on several forb species that were present
on one or more sites.

Apiaceae

The family Apiaceae was represented primarily by
nineleaf lomatium (Lomatium triternatum) on the Clearwater
site.

Some large-fruited lomatium (L^ macrocarpum) was

also present.

All herbicides reduced lomatium density to

some extent (Figure 14).
Metsulfuron methyl caused the most damage.

Lomatium

density declined from a low of 97% on the 0.035 kg + burn
treatment to 100% on the 0.14 kg application.
Compared to the control, picloram reduced the
population at all applied rates.

Plant density declined by

79% on the 0.14 kg treatments, 92% on the 0.28 kg
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Figure 14.

Nineleaf lomatium density (plants/m ),
Clearwater site, 13 months after treatment.

1411eans with the same letter are not significantly different at the
0.10 probability level.
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treatments, and 99% on 0.42 kg treatments.
Picloram + clopyralid and clopyralid were somewhat
less damaging than picloram and metsulfuron methyl.
Picloram + clopyralid applied to burned plots did not
reduce lomatium density compared to the control, but the
0.14 kg, 0.28 kg, and 0.42 kg rates resulted in 72%, 86%,
and 96% reductions, respectively.
Clopyralid applied at 0.14 kg did not reduce lomatium
density; however, plant numbers declined by 77% on 0.28 kg
of clopyralid, and 88% under the 0.42 kg rate.

Asteraceae

Picloram and clopyralid have been effective against
several composite species, including Canada thistle and
Russian knapweed (C^ repens) (Laning, 1963; Haagsma, 1975;
O'Sullivan and Kossatz, 1984b).

Metsulfuron methyl has

undergone less testing, but has also shown activity against
some members of the Asteraceae (Warner et al. 1986).
Plant density for the family Asteraceae was analyzed
for the Lolo and Clearwater sites, which supported many
species from this family.

Picloram, picloram + clopyralid,

and clopyralid effects were similar to each other on the
Clearwater site (Figure 15).

The 0.14 kg treatments

generally did not reduce Asteraceae numbers.

Picloram and

picloram + clopyralid at 0.28 kg reduced Asteraceae density
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ASTERACEAE

HERBICIDE
(52 Control

•i Piclorom
K2Q Piclorom Clopyrolid

rfflrrn

EZ3 Clopyralid
9 Metsulfuron methyl

I.TH E R B I C I D E T R E A T M E N T S (Wg a . i . / h a )

Figure 15.

Density (plants/in ) of all species from the
Asteraceae, Clearwater site, 13 months after
treatment.

^H»an» with the same letter are not significantly different at the
0.10 probability level.
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by 85% to 89%, while the 0.42 kg rate of the three
herbicides resulted in 93% to 98% fewer plants.
Metsulfuron methyl reduced Asteraceae density at all rates,
with 89% to 98% declines.

Similar results for Asteraceae

were found on the Lolo site (Figure 16), but the various
treatments appeared to have relatively less effect'~ than at
the Clearwater site.
Several species from the Asteraceae were analyzed
separately.
Density of western yarrow (Achillea millefolium) was
reduced by all herbicides, with greater reductions
occurring with higher herbicide rates (Figure 17).
Metsulfuron methyl and picloram reduced western yarrow
density by 93% to 100 percent.

Picloram + clopyralid

caused slightly less damage, with 78% to 99% reductions.
Clopyralid was least damaging.

No decline was found on the

0.14 kg + burn treatment, but the 0.14 kg, 0.28 kg, 0.42 kg
treatments reduced yarrow density by 70%, 86%, and 98%
respectively.
Rose pussytoes (Antennaria rosea) and small leaf
pussytoes (A^ parviflora) occurred on the Clearwater site.
Pussytoes density was reduced on all picloram treatments
(Figure 18).

Metsulfuron methyl, picloram + clopyralid,

and clopyralid reduced plant density at the higher rates,
but did not cause significant reductions at low rates.
Visual observations on the sites indicated that even these
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ASTERACEAE

HERBICIOE
E 3 Control
• • Picloram
S 3 Picloram Clopyralid
Clopyralid
S Metsulfuron methyl

_ Ikl'o0• o-oft 0HERBICIDE TREATMENTS (kg o.i./ha)

Figure 16.

Density (plants/m ) of all species from the
Asteraceae, Lolo site, 13 months after
treatment.

^Heana with the same letter are not aigniflcantly different at the
0.10 probability level.
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WESTERN YARROW

HERBICIDE
(22 Control
• • Piclorom
QQ Piclorom Clopyralid
ESS C l o p y r a l i d
S I Metsulfuron methyl

HERBICIDE TREATMENTS (kg a.i./ho)

Figure 17.

Western yarrow density (plants/m ), Lolo site,
13 months after treatment.

^Heana with the same letter ere not significantly different at the
0.XO probability level.
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Figure 18.

Rose pussytoes density (plants/m ), Clearwater
site, 13 months after treatment.

^®Nean« with the me letter »re not significantly different at the
0.10 probability leva!.
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low rates reduced pussytoes density to some extent.
Arnica (Arnica fulgens) was very sensitive to
metsulfuron methyl, which reduced plant density by 98% to
100% (Figure 19).

The effects of picloram, picloram +

clopyralid, and clopyralid were similar to each other,
reducing arnica by 92% to 99% on the 0.42 kg rates.

Lower

rates did not significantly reduce arnica numbers, but
visual observation on the sites, and the pattern of the
sample means, indicated that all rates probably reduced
plant density slightly to some extent.
Arrowleaf balsamroot (Balsamorhiza sagittata) density
was less than the control on 0.48 kg of picloram and
picloram + clopyralid (Figure 20).

Balsamroot leaves

appeared withered shortly after spraying on treatments
containing picloram, but plants were present and vigorous
on all treatments 12 months after spraying.
Oregon fleabane (Erigeron speciosus) was not reduced
by any treatment compared to the control (Figure 21);
however, two patterns in the data were evident.

First,

many more plants were found on burned treatments than on
corresponding unburned plots.

Second, although results

were inconclusive, clopyralid and metsulfuron methyl seem
to have reduced this species.
Field fluffweed (Filago arvensis) density was reduced
by 0.28 kg and 0.42 kg of picloram (Figure 22).
treatments decreased fluffweed density.

No other
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ARNICA
25-1

cc

HERBICIDE
2 2 Control
• I Piclorom
ES Piclorom Clopyralid
E23 C l o p y r o l i d
S Metsulfuron methyl

HERBICIDE TREATMENTS (kg a.i./ha)

Figure 19.

Arnica density (plants/m ), Clearwater site,
13 months after treatment.

19
'Means with the same letter are not significantly different at the
0.10 probability level.
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ARROWLEAF BALSAMROOT
O.8-1

HERBICIDE
S3 Control
M Piclorom
120 P i c l o r o m C l o p y r o l i d
^ 2 Clopyrolid
S Metsulfuron mtthyl

HCR8(CI0C TREATMENTS (kg a.i./ho)

Figure 20.

20

2

Arrowleaf balsamroot density (plants/m ), Lolo
site, 13 months after treatment.

Heana with the same letter ere not signlficantly different at the
0.10 probability level.
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OREGON FLEABANE
D

HERBICIDE
iControl
M l Piclorom
Picloram Clopyrolid
^ 3 Clopyrolid
EB Metsulfuron mefhyl

HERBICIDE TREATMENTS (kg a i / h a )

Figure 21.

21*

0

Oregon fleabane density (plants/m'1'), Lolo site,
13 months after treatment.

•leans' vith the same letter ire not significantly different at the
0.10 probability level.
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FIELD FLUFFWEED
E

S3 Control
• i Piclorom
SB Picloram Clopyrolid
HZ3 C l o p y r a l i d
03 Metsulfuron mslhyl

HERBICIDE TREATMENTS (kg a.i./ha)

Figure 22.

Field fluffweed density (plants/m ), Threemile
site, 13 months after treatment.

^Heans with the same letter are not significantly different at the
0.10 probability level.
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Picloram, picloram + clopyralid, and clopyralid did
not reduce blanketflower (Gaillardia aristata) (Figure 23).
Although not causing significant reductions, metsulfuron
methyl was considered harmful to blanketflower based on the
average number of plants on metsulfuron methyl treatments
(0.06/m^) compared with the average growing on all other
treatments (1.89/m^).
Golden-aster (Heterotheca villosa) density was not
reduced by any of the herbicides (Figure 24).

Visual

observations indicated that metsulfuron methyl and
clopyralid caused golden-aster no apparent harm; however,
few healthy plants were noted on picloram treatments.
Goldenrod (Solidago missouriensis) was present in
large numbers on the 0.14 kg and 0.14 kg + burn treatments
of clopyralid and picloram + clopyralid (Figure 25),
indicating that these treatments did not harm this species.
Results for the other treatments were inconclusive, with
none causing significant reductions.

Boraginaceae

Slender forget-me-not (Myosotis micrantha) density was
significantly reduced only on 0.28 kg and 0.42 kg Picloram
treatments (Figure 26).

Metsulfuron methyl and clopyralid

did not appear to harm this species.
Warner et al. (1986) found that 0.0042 kg/ha of
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BLANKETFLOWER
4-i
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S3 Control
• i Picloram
Piclorcm Clopyralid
r^2 Clcpyrclid

CO M e f s u l f u r o n m e t h y l
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Figure 23.

2
Blanketflower density (plants/m ), Lolo site,
13 months after treatment.

^••n« vith the same letter are not significantly different at the
0.10 probability level.
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GOLDEN-ASTER
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Figure

24.

2

Golden-aster density (plants/m ),
13 months after treatment.

Lolo

site,

^Setni with the same letter are not aignificantly different at the
0.10 probability level.
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GOLDENROD

HERBICIDE
CSS C o n t r o l
M Piclorom
CQ Picloram Clopyrolid
^ 3 Clopyrolid

ffpRFBrrrn
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Figure 25.

I

Goldenrod density (plants/m ), Lolo site, 13
months after treatment.

^^tleana with the same letter are not aignificantly different at the
0.10 probability level.
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Figure 26.

a.i./ha)

Slender forget-me-not density (plants/m ),
Clearwater site, 13 months after treatment.

^^leans with the same letter are not significantly different at the
0.10 probability level.
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metsulfuron methyl was able to suppress fiddleneck tarweed
(Amsinckia spp.) and corn gromwell (Lithospermum arvense),
two other members of the Boraginaceae.

Brassicaceae

No herbicide treatments had statistically significant
effects on this family as a whole, and no pattern was
evident in the data (Figure 27).

Density measurements for

Holboell rockcress (Arabis holboelli i), spring draba (Draba
verna), woods draba (D_j_ nemorosa), and tumblemustard
(Sisymbrium altissimum) were analyzed individually.
Tumblemustard appeared to be affected by metsulfuron methyl
and picloram (Figure 28), which appear to reduce
tumblemustard's ability to increase in response to knapweed
removal.

Several species have previously shown

susceptibility to metsulfuron methyl (Warner et al. 1986),
while clopyralid (Haagsma, 1975) and picloram (Herbicide
handbook) have proven relatively inactive.

Caryophyllaceae

Caryophyllaceae was represented primarily by fescue
sandwort (Arenar ia capillar is) and thymeleaved sandwort (A.
serpyllifolia).

These two species reacted similarly to the

various treatments, so were analyzed together (Figure 29).
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BRASSICACEAE
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QQ P ictoram Clopyrolid
^ 2 Clopyralid
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Figure 27.

7

1

2

Density (plants/m ) of all species from the
Brassicaceae, Clearwater site, 13 months after
treatment.

Means with the same letter are not significantly different at the
0.10 probability level.
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TUMBLEMUSTARD
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S3 Clopyrolid
FS UetsuKuron methyl
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Figure 28.

28

Tumblemustard density (plants/m ), Clearwater
site, 13 months after treatment.

Heana with the same letter are not aignlficantly different at the
0.10 probability level.
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Figure 29.

Combined density (plants/m ) of fescue sandwort
and thymeleaved sandwort, Lolo site, 13 months
after treatment.

29Means with the ••me letter are not significantly different at the
0.10 probability level.
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Metsulfuron methyl was extremely active against the
sandworts, reducing plant density by 93% to 98 percent.
Warner et. al (1986) found that metsulfuron methyl
effectively controlled several other species from the
Caryophyllaceae, including conical catchfly (S ilene spp.)f
corn cockle (Agrostemma spp.), and cow cockle (Vaccaria
spp.).
Picloram applied at 0.14 kg, 0.28 kg, and 0.42 kg
reduced plant density by 76%, 95%, and 99%, respectively.
Picloram + clopyralid reduced plant density by 41% to 56%
on the 0.14 kg rates, jumping to 85% on the 0.28 kg
treatments, and 91% on the 0.42 kg treatments.

Clopyralid

treatments did not reduce sandwort density.

Convolvulaceae

Clover dodder (Cugcuta epithymum) was very common on
the Lolo site.

This species was not present on any

picloram, or the 0.28 kg and 0.42 kg rates of clopyralid +
picloram and clopyralid.

Very little clover dodder was

found on the 0.14 kg treatments of clopyralid + picloram
and clopyralid.

Metsulfuron methyl did not appear to

affect this species, as dense tangles af the vine were
found on all metsulfuron methyl plots.

Dodder is a

selective parasite on spotted knapweed (Chicoine, 1984), so
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its absence on some treatments may be due to the lack of
knapweed rather than herbicide effects.
Field bindweed (Convolvulus arvensis) was relatively
uncommon.

However, this species did grow on 0.42 kg

picloram, 0.42 kg clopyralid, and all metsulfuron methyl
treatments, indicating possible resistance to these
herbicides.

In a previous study, Laning (1963) found that

0.28 kg and 0.54 kg of picloram provided 40% and 88% field
bindweed control respectively, 12 months after application.

Fabaceae

Four species from this family were found on the
various sites.

These species were silky lupine, velvet

lupine (Lupinus leucophylla), alfalfa (Medicago sativa),
and weedy milk-vetch (Astragalus miser).

Silky lupine was

the only species common enough to analyze statistically.
Lupine density did not differ from the control on any
treatments (Figure 30).

Lupine top growth was killed by

metsulfuron methyl shortly after spraying, but 13 months
later lupine plants were common and vigorous on these
plots.
Clopyralid is considered to be highly effective
against members of the Fabaceae (Haagsma, 1975).

In this

study, however, lupine was not killed by clopyralid, and
large, healthy, alfalfa and weedy milk-vetch plants were
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Figure 30.

Silky lupine density (plants/m2), Clearwater
site, 13 months after treatment.

"••n" with the same letter are not significantly different at the
0.10 probability level.
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found on several clopyralid treatments.

These results

indicate that while some species of the Fabaceae, for
example honey mesquite (Bovey and Mayeux, 1980; Jacoby et.
al, 1981), are susceptible to clopyralid, several other
genera and/or species may be resistant.

Hyper icaceae

Common St. John's-wort (Hypericum perforatum) was
observed on all clopyralid treatments, and one 0.14 kg
picloram treatment.

Plants on clopyralid treatments were

vigorous, and appeared to have greatly increased growth in
response to knapweed removal, with no apparent suppression
by clopyralid.

L iliaceae

Meadow death camas (Zigadenus venenosus) does not seem
to be susceptible to any of the herbicides, based on its
presence on all treatments 13 months after spraying.
Yellow bells (Fritillaria pudica) were present in large
numbers on all treatments containing picloram or
clopyralid, but not on any metsulfuron methyl treatments,
suggesting that the latter herbicide kills this species.
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Polemoniaceae

Narrow leaved collomia (Collomia linearis) and
Microsfceris gracilis were present on the Clearwater site,
and

gracilis was present on the Threemile and Lolo

sites.

All herbicides greatly reduced M_j_ gracilis density

at Clearwater (Figure 31).

On the Lolo and Threemile sites

(Figures 32-33), picloram and picloram + clopyralid
treatments significantly reduced plant density, with 0.28
kg and 0.42 kg rates of picloram eliminating this species.
In contrast to findings from Clearwater, however,
metsulfuron methyl and clopyralid were much less effective
against NU gracilis than the other herbicides.

Polygonaceae

Species from this family included sulfur eriogonum
(Eriogonum umbellatum), Douglas knotweed (Polygonum
douglasii), and sheep sorrel (Rumex acetocella).

Douglas

knotweed increased on all burned plots, and was not reduced
by any of the herbicides (Figure 34).

In contrast, Keys

(1975) found that picloram + 2,4-D at 0.035 + 0.14 kg per
acre, and clopyralid at 0.07 kg and 0.105 kg/ha controlled
wild buckwheat.

Pennsylvania smartweed (P_^ pennsylvanicum)

and ladysthumb (P^ persicaria) have also shown
susceptibility to clopyralid (Haagsma, 1975).

Similarly,
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MICROSTERIS GRACILIS
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Wt Piclorcm
G9 Piclorom Clopyralid
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GB MefsuJIuron melhyt

^ft * q.03 0-u O-Xfc
* 0-x o-4, 0- •.a, * 0 x 0> 0 0-^ O1, 0- Cu
0
• ft
3

HERBICIDE TREATMENTS (kg o.i /ha)

Figure 31.

Microsteris gracilis density (plants/m ),
Clearwater site, 13 months after treatment.

^H»an« *ith the sinv letter are not significantly different at the
0.10 probability level.
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MICROSTERIS GRACILIS
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HERBICIDE
G2 Control
• • Picloram
CO Picloram Clopyralid
S3 Clopyrolid
S3 Mtlsul furon m«thyl

HERBICIDE TREATMENTS (kg a.i./ha)

Figure 32.

Microsteris gracilis density (plants/m ), Lolo
site, 13 months after treatment.

^Means with the same letter are not significantly different at the
0.10 probability level.
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MICROSTERIS GRACILIS
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C23 C o n t r o l
• • Picloram
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Picloram Clopyrolid

E ) Clopyrolid
G3 Metsulfuron methyl

HERBICIDE TREATMENTS (Ug o.i./ha)

Figure 33.

Microsteris gracilis density (plants/m ),
Threemile site, 13 months after treatment.

^"Hteanrf with the same letter are not significantly different at thi
0.10 probability level.
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DOUGLAS KNOTWEED
20-1

HERBICIDE

HERBICIDE TREATMENTS (kg a.i./ho)

Figure 34.

Douglas knotweed density (plants/m ), Clearwater
site, 13 months after treatment.

with the same letter are not significantly different at the
0.10 probability l«vel.

74

prostrate knotweed (P^ aviculare) was controlled by 0.0042
kg/ha of metsulfuron methyl (Warner et. al, 1986).
Picloram was the only herbicide to reduce sulfur
eriogonum density, which declined by 84% on the 0.14 kg
rate, 87% on the 0.28 kg rate, and 100% on the 0.42 kg rate
(Figure 35).
Sheep sorrel was not found on plots sprayed with 0.42
kg of picloram, or any of the metsulfuron methyl treatments
(Figure 36).

Large numbers were found on plots treated

with clopyralid at 0.28 kg and 0.42 kg.

Although no

differences were significant, this species appears to be
susceptible to picloram and metsulfuron methyl, but not
clopyralid.

Picloram was previously shown to be effective

against curly dock (R_^ crispus) (Laning, 1963).

Pr imulaceae

Shooting stars (Dodecatheon spp.) were observed at the
Clearwater site on all picloram, picloram + clopyralid, and
clopyralid treatments, as well as the control plots.

Mo

plants of this genus were found on any metsulfuron methyl
treatments, suggesting that shooting stars are killed by
metsulfuron methyl.
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Figure 35.

./he)

2

Sulfur eriogonum density (plants/m ), Clearwater
site, 13 months after treatment.

^••ni with the same letter are not signifleantly different at the
0.10 probability level.
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Figure 36.

2

Sheep sorrel density (plants/m ), Threemile
site, 13 months after treatment.

•^Hean* with the same letter are not significantly different at the
0.10 probability level.

Rosaceae
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Northwest cinquefoil and gland cinquefoil (Potentilla
glandulosa) were highly sensitive to picloram, picloram +
clopyralid, and metsulfuron methyl (Figure 37).

These

herbicides initially killed all cinquefoil plants.

No

plants were found on picloram treatments one year after
spraying, and only seedlings were present on metsulfuron
methyl and picloram + clopyralid plots.

Clopyralid

treatments did not reduce cinquefoil density, and the
plants remained vigorous.
These results are reflected by northwest cinquefoil
standing crop-data from Threemile (Figure 38).

Cinquefoil

showed little or no growth on picloram, picloram +
clopyralid, and metsulfuron methyl treatments, while
production on clopyralid treatments averaged 1600% more
than the control.

Scrophulariaceae

Small-flowered blue-eyed mary (Collinsia parviflora),
wooley mullein (Verbascum thapsus), common speedwell
(Veronica arvensis), butter and eggs (L inar ia vulgar is),
and stiff yellow Indian paintbrush (Castilleja lutescens)
were present on one or more sites.

As a group, these

species were reduced by only one treatment, that being the
0.14 kg rate of metsulfuron methyl (Figure 39).
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Figure 37.

J

Northwest cinquefoil density (plants/m ), Lolo
site, 13 months after treatment.

^Hean« with the eame letter are not significantly different at the
0.10 probability level.
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Figure 38.

1ft

Northwest cinquefoil standing crop (kg/ha),
Threemile site, 15 months after treatment.

Heane with the same letter are not significantly different at the
O.10 probability level.
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SCROPHULARIACEAE
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H | Piclorcm
S2Q Piclorom Clopyrolid
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Figure 39.

2
Density (plants/m ) of all species from the
Scrophulariaceae, Threemile site, 13 months
after treatment.

^'lleens with the same letter ere not significantly different at the
0.10 probability level.
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Small-flowered blue-eyed mary was reduced by all rates
of metsulfuron methyl (Figure 40).

Mo other herbicides

reduced blue-eyed mary density.
Common speedwell density was not reduced by any of the
treatments.
A single patch of butter and eggs was found on the
Threemile site, growing on the 0.14 kg picloram treatment.
The plants appeared to be growing vigorously, indicating
that butter and eggs is not highly susceptible to picloram.
Wooley mullein grew on all plots except the
metsulfuron methyl and 0.42 kg picloram treatments,
indicating a possible susceptibility to these herbicides.
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S Metsulfuron methyl

HERBICIDE TREATMENTS (kg a.i./ho)

Figure 40.

Small-flowered blue-eyed mary density (plants/m^),
Clearwater site, 13 months after treatment.

^Heanis with the same letter ere not significantly different at the
0.10 probability level.

CONCLUSIONS AND MANAGEMENT IMPLICATIONS

Of the herbicides used in this study, 0.42 kg/ha of
picloram provided the best spotted knapweed control.

This

was due to the effective residual activity obtained, which
completely eliminated spotted knapweed through 15 months.
Picloram applied at 0.28 kg, and picloram + clopyralid at
0.28kg and 0.42 kg were nearly as effective, but allowed
some reinvasion by knapweed seedlings on at least one site.
Considerable knapweed seedling growth occurred on plots
treated with 0.14 kg, 0.28 kg, or 0.42 kg of clopyralid;
0.14 kg of picloram; or 0.14 kg picloram + clopyralid.
Metsulfuron methyl did not reduce spotted knapweed at
the applied rates, although it did stunt knapweed growth.
Spotted knapweed flowered on all metsulfuron methyl
treatments 13 months after treatment, so this herbicide was
considered ineffective for spotted knapweed control at the
applied rates.
Knapweed control varied considerably among the three
sites.

The herbicides were generally most effective on the

Lolo site.

The Clearwater and Threemile sites had more

reinfestation, possibly because cattle grazing after
spraying led to further site disturbance.
All spotted knapweed plants were seedlings or rosettes
on plots sprayed with 0.28 kg and 0.42 kg of clopyralid and
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all rates of picloram or picloram + clopyralid.

Plots

sprayed with these treatments should not need to be
resprayed until at least the second year after the initial
treatment.

Clopyralid provided the least residual control,

so two years may be the maximum allowable interval between
spraying if seed production by knapweed is to be
eliminated.

Respraying every two years may also be needed

for 0.14 kg rates of picloram and picloram + clopyralid,
because of the knapweed seeding reinvasion.

The 0.28 kg

and 0.42 kg rates of picloram and picloram + clopyralid
allowed little, if any, reinfestation, so respraying should
not be necessary until at least three years after the
initial treatment.

On sites that are grazed, or otherwise

disturbed, the period of herbicide effectiveness will
probably be reduced.
Burning did not improve spotted knapweed control.
Results were considered inconclusive, however, because the
dry conditions following burning were not favorable for
knapweed seed germination.

If no significant increase in

knapweed seed germination occurred prior to spraying, then
knapweed's seed reserve in the soil would have remained
intact.

Additional study is needed to determine whether

burning or some other method can be used to reduce
knapweed's ability to reinfest a treated site.
Total grass standing crop was increased on most plots
where knapweed was initially controlled.

The greatest
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increase was 375% (1670 kg/ha) at Clearwater 15 months
after treatment.

These increases occurred despite the

drought of 1985, and the cattle grazing at Threemile and
Clearwater during 1985.
Kentucky bluegrass, Canada bluegrass, and prairie
junegrass seemed to increase growth more readily than
species such as rough fescue, bluebunch wheatgrass, and
Idaho fescue.

However, all of these species were observed

to increase in size and vigor on plots where knapweed was
initially controlled.
The increased grass production following knapweed
removal is a major consideration for management.

Increased

grass standing crop allows increased grazing by livestock
and wildlife within a year or two after spraying.

This

provides a relatively fast return on investment compared to
most other control methods.

Biological control, for

example, can require many years to have a significant
effect on knapweed growth, and will not eliminate the weed
from a site.

Therefore, forage production will not

increase for several years, and will probably never
increase as dramatically as forage increases following
herbicide spraying.
In terms of selectivity, clopyralid caused the least
damage to non-target species.
intermediate selectivity.
were the least selective.

Picloram + clopyralid was of

Picloram and metsulfuron methyl
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Clopyralid led to reduction in several species from
the Asteraceae, including western yarrow, rose pussytoes,
and arnica, as well as nineleaf lomatium and Microsteris
gracilis.

Species from the Asteraceae that showed

resistance to clopyralid included arrowleaf balsamroot,
field fluffweed, blanketflower, and golden-aster.

In

addition, species from the Brassicaceae, Caryophyllaceae,
Fabaceae, Liliaceae, Polygonaceae, Rosaceae, and
Scrophulariaceae showed little susceptibility to this
herbicide.
Metsulfuron methyl, picloram, and picloram +
clopyralid reduced all species that were reduced by
clopyralid, as well as several additional species.
additional species were:

1)

These

picloram + clopyralid reduced

density of northwest cinquefoil (Rosaceae) and two species
of sandwort (Caryophyllaceae), 2)

picloram reduced

northwest cinquefoil, the sandworts, sheep sorrel
(Polygonaceae), and field fluffweed, 3)

metsulfuron methyl

reduced northwest cinquefoil, the sandworts, sheep sorrel,
blanketflower and possibly yellow bells (Liliaceae).
The high selectivity shown by clopyralid is desirable
from an ecological standpoint, but there is one obvious
disadvantage.

If other noxious weeds are present, they may

survive and cause additional weed problems.

For this

reason, all weeds on a site should be identified before
deciding which herbicide(s) to apply to a specific site.
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APPENDIX 1
Plant species found on each site
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CLEARWATER SITE
Scientific name

Common name

Grasses
Bromus tectorum
Danthonia unispicata
Elymus spicatus
Festuca idahoensis
Festuca scabrella
Koeleria macrantha
Poa pratensis
Poa secunda
Stipa occidentalis

cheatgrass
onespike oatgrass
bluebunch wheatgrass
Idaho fescue
rough fescue
prairie junegrass
Kentucky bluegrass
sandberg bluegrass
western needlegrass

Grass-1ike
Carex filifolia

threadleaf sedge

Forbs
Achillea millefolium
Agoseris glauca
Antennaria microphylla
Antennaria parvifolia
Arabis glabra
Arabis holboellii
Arabis nuttallii
Arenar ia capillar is
Arenaria serpyllifolia
Arnica fulgens
Balsamorhiza sagitatta
Camelina microcarpa
Castilleja lutescens
Centaurea maculosa
Claytonia lanceolata
Collinsia parviflora
Collomia linearis
Delphinium bicolor
Descurainia richardsoni i
Dianthus armeria
Dodecatheon spp.
Draba nemorosa
Epilobium paniculatum
Erigeron compositus
Erigeron pumilus

western yarrow
pale agoseris
rose pussytoes
small-leaf pussytoes
tower rockcress
Holboell rockcress
Nuttall rockcress
fescue sandwort
thymeleaved sandwort
arnica fulgens
arrowleaf balsamroot
littlepod falseflax
stiff yellow Indian paintbrush
spotted knapweed
western springbeauty
smal1-flowered blue-eyed mary
narrow leaved collomia
low larkspur
Richardson tansymustard
deptford pink
shooting star
woods draba
panicled willow-herb
fernleaf fleabane
fleabane

APPENDIX 1 ( c o n t . )
Eriogonum umbellatum
Filacfo arvensis
Fritillaria pudica
Geranium spp.
Geum triflorum
Grindelia nana
Hackelia deflexa
Hesperis matronalis
Heterotheca villosa
Hieracium cynoglossoides
Hypericum perforatum
Lepidium virginicum
Lewisia rediviva
L ithophragma parvi florum
Lithospermum ruderale
Lomatium macrocarpum
Lomatium triternatum
Lupinus sericeus
Lycopodium spp.
Mertensia spp.
Microsteris gracilis
Myosotis micrantha
Phacelia linearis
Polygonum douglasi i
Potentilla glandulosa
Potentilla gracilis
Rumex acetosella
Saxifraga occidentalis
Sedum stenopetalum
Senecio integerrimus
Silene antirrhina
S ilene scouler i
Sisymbrium altissimum
Taraxacum officinale
Tragopogon dubius
Verbascum thapsus
Zigadenus venenosus
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sulfer eriogonum
field fluffweed
yellow bell
geranium
prairiesmoke
low gumweed
nodding stickseed
sweet rocket
golden-aster
houndtongue hawkweed
common St. John's-wort
Virginia pepperweed
bitteroot
smallflower woodlandstar
western gromwell
large-fruited lomatium
nineleaf lomatium
silky lupine
club moss
bluebells
microsteris gracilis
slender forget-me-not
linear-leaf phacelia
Douglas knotweed
gland cinquefoil
northwest cinquefoil
sheep sorrel
western saxifrage
stonecrop
lambstongue groundsel
sleepy silene
catchfly
tumblemustard
common dandelion
common salsify
wooley mullein
death camas

Shrubs
Artemisia cana

silver sagebrush

APPENDIX 1 ( c o n t . )
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LOLO SITE
Scientific name

Common name

Grasses
Aqrostis interrupta
Bromus paponicus
Bromus moll is
Bromus tectorum
Danthonia unispicata
Elymus spicatus
Festuca scabrella
Koeleria macrantha
Phleum pratense
Poa longiliqula
Poa secunda
Stipa occidentalis

agrostis interrupta
Japanese brome
soft chess
cheatgrass
onespike oatgrass
bluebunch wheatgrass
rough fescue
prairie junegrass
timothy
longtongue mutton grass
sandberg bluegrass
western needlegrass

Grass-1 ike
Carex filifolia

threadleaf sedge

Forbs
AchiIlea millefolium
Agastache~"ur t ici fol ia
Agoseris glauca
Alyssum alyssoides
Androsace septentrionalis
Antennaria microphylla
Antennaria parvifolia
Arabis holboelli i
Arabis nuttalli i
Arenar ia capillar is
Arenaria serpyllifolia
Arnica fulgens
Aster stenomeres
Astragalus miser
Balsamorhiza sagittata
Camelina microcarpa
Capsella bursa-pastor is
Carduus nutans
Castilleja lutescens
Centaurea maculosa
Clarkia pulchella
Claytonia lanceolata
Collinsia parvi flora
Collomia 1inear i s
Comandra umbellata

western yarrow
nettle-leaf giant hyssop
pale agoseris
pale alyssum
northern androsace
rose pussytoes
small-leaf pussytoes
Holboell rockcress
Nuttall rockcress
fescue sandwort
thymeleaved sandwort
arnica fulgens
northwest aster
weedy milk-vetch
arrowleaf balsamroot
littlepod falseflax
shepherd's purse
musk thistle
stiff yellow Indian paintbrush
spotted knapweed
clarkia
western springbeauty
small-flowered blue-eyed mary
narrow leaved collomia
pale bastard toadflax

APPENDIX 1 ( c o n t . )
Convolvulus arvensis
Cuscuta epithymum
Dianthus armeria
Dodecatheon spp.
Draba nemorosa
Draba verna
Epilobium paniculatum
Er geron pumilus
Er geron speciosus
Er geron subtrinervis
Er ogonum umbellatum
Fritillaria pudica
Gaillardia aristata
Geum triflorum
Grindelia nana
Heterotheca villosa
Hieracium cynoglossoides
Lewisia rediviva
Lithophragma parviflorum
Lithospermum ruderale
Lomatium macrocarpum
Lomatium triternatum
Lupinus sericeus
Mertensia oblongifolia
Microsteris gracilis
Montia linearis
Myosotis micrantha
Orthocarpus tenuifolius
Polygonum douglasii
Potenti11a gracilis
Rumex acetosella
Saxifraga occidental is
Senecio spp.
Silene spp.
Solidago missouriensis
Taraxacum officinale
Tragopogon dubius
Triteleia grandiflora
Verbascum thapsus
Veronica aryens is
Viola nuttalli i
Zigadenus venenosus
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field bindweed
clover dodder
deptford pink
shooting star
woods draba
spring draba
panicled willow-herb
fleabane
Oregon fleabane
three-veined fleabane
sulfer eriogonum
yellow bell
blanketflower
prairiesmoke
low gumweed
golden-aster
houndtongue hawkweed
bi tteroot
smallflower woodlandstar
western gromwell
large-fruited lomatium
nineleaf lomatium
silky lupine
bluebells
microsteris gracilis
Indian lettuce
slender forget-me-not
owl clover
Douglas knotweed
northwest cinquefoil
sheep sorrel
western saxifrage
groundsel
silene
goldenrod
common dandelion
common salsify
wild hyacinth
wooley mullein
common speedwell
yellow violet
death camas

Shrubs
Artemisia cana
Chrysothamnus viscidiflorus
Rosa spp.
Symphor icarpos occidenatalis

silver sagebrush
green rabbitbrush
rose
western snowberry

APPENDIX 1 ( c o n t . )
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THREEMILE SITE
Scientific name

Common name

Grasses
Agrostis interrupta
Bromus tectorum
Elymus smi thi i
Festuca idahoensis
Koeleria macrantha
Phleum pratense
Poa bulbosa
Poa compressa
Poa longiligula
Poa pratensis

agrostis interrupta
cheatgrass
western wheatgrass
Idaho fescue
prairie junegrass
timothy
bulbous bluegrass
Canada bluegrass
longtongue mutton grass
Kentucky bluegrass

Forbs
Achillea millefolium
Alyssum alyssoides
Androsace septentrionalis
Antennaria microphylla
Antennaria parvi folia
Arabis holboelli i
Arenaria serpyllifolia
Arnica fulgens
Centaurea maculosa
Collinsia parviflora
Collomia 1inear is
Descurainia richardsonii
Draba nemorosa
Draba verna
Epilobium paniculatum
Erigeron compositus
Er igeron speciosus
Erodium cicutarium
Filago arvensis
Geranium spp.
Hackelia deflexa
Hesperis matronal is
Hieracium cynoglossoides
Hypericum perforatum
Lepidium virginicum
Linaria vulgaris
Lithophragma parviflorum
Lupinus leucophyllus
Lupinus sericeus
Medicago sativa
Microsteris gracilis

western yarrow
pale alyssum
northern androsace
rose pussytoes
small-leaf pussytoes
Holboell rockcress
thymeleaved sandwort
arnica fulgens
spotted knapweed
small-flowered blue-eyed mary
narrow leaved collomia
Richardson tansymustard
woods draba
spring draba
panicled willow-herb
fernleaf fleabane
Oregon fleabane
three-veined fleabane
field fluffweed
geranium
nodding stickseed
sweet rocket
houndtongue hawkweed
common St. John's-wort
Virginia pepperweed
butter and eggs
smallflower woodlandstar
velvet lupine
silky lupine
alfalfa
microsteris gracilis

APPENDIX 1 ( c o n t . )
Montia linearis
Myosotis micrantha
Penstemon spp.
Plantago patagonica
Polygonum douglasi i
Potenti11a glandulosa
Potentilla gracilis
Rumex acetosella
Silene spp.
Sisymbrium altissimum
Thlaspi arvense
Tragopogon dubius
Verbascum thapsus
Veronica arvensis
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Indian lettuce
slender forget-me-not
penstemon
plantain
Douglas knotweed
gland cinquefoil
northwest cinquefoil
sheep sorrel
silene
tumblemustard
fanweed
common salsify
wooley mullein
common speedwell

APPENDIX 2
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Plot diagram by site

Block 1
0.07 kg/ha
Met methyl^
0.28 kg/ha
Pic + Clop2
0.42 kg/ha
Pic + Clop
0.035 kg/ha
Met methyl3
0.14 kg/ha
Clopyralid3
0.14 kg/ha
Pic + Clop3
0.14 kg/ha
Pic + Clop
0.28 kg/ha
Picloram
0.42 kg/ha
Clopyralid
0.14 kg/ha
Picloram
0.14 kg/ha
Clopyralid
0.42 kg/ha
Picloram
0.14 kg/ha
Met methyl
0.28 kg/ha
Clopyralid
0.035 kg/ha
Met methyl
Control

^-Metsulfuron methyl
^Picloram + Clopyralid
3Burned plots

Block 2
Control
0.14 kg/ha
Picloram
0.035 kg/ha
Met methyl3
0.14 kg/ha
Clopyralid3
0.14 kg/ha
Pic + Clop3
0.42 kg/ha
Clopyralid
0.28 kg/ha
Picloram
0.28 kg/ha
Pic + Clop
0.14 kg/ha
Pic + Clop
0.42 kg/ha
Picloram
0.035 kg/ha
Met methyl
0.28 kg/ha
Clopyralid
0.42 kg/ha
Pic + Clop
0.14 kg/ha
Clopyralid
0.07 kg/ha
Met methyl
0.14 kg/ha
Met methyl

Block 3
0.28 kg/ha
Clopyralid
0.14 kg/ha
Clopyralid
0.42 kg/ha
Picloram
0.28 kg/ha
Picloram
0.07 kg/ha
Met methyl
0.42 kg/ha
Pic + Clop
0.14 kg/ha
Clopyralid3
0.035 kg/ha
Met methyl3
0.14 kg/ha
Pic + Clop3
Control
0.14 kg/ha
Pic + Clop
0.14 kg/ha
Met methyl
0.42 kg/ha
Clopyralid
0.14 kg/ha
Picloram
0.035 kg/ha
Met methyl
0.28 kg/ha
Pic + Clop
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Clearwater Site
Block 1

Block 2

Block 3

0.14 kg/ha
Met methyl1
0.28 kg/ha
Picloram
0.14 kg/ha
Pic + Clop
0.14 kg/ha
Clopyralid3
0.035 kg/ha
Met methyl3
0.14 kg/ha
Pic + Clop3
0.42 kg/ha
Clopyralid
0.28 kg/ha
Clopyralid

0.14 kg/ha
Picloram
0.28 kg/ha
Picloram
0.14 kg/ha
Clopyralid3
0.035 kg/ha
Met methyl3
0.14 kg/ha
Pic + Clop3
0.28 kg/ha
Pic + Clop
0.14 kg/ha
Pic + Clop
0.14 kg/ha
Clopyralid

Control
0.42 kg/ha
Picloram
0.28 kg/ha
Pic + Clop
0.14 kg/ha
Clopyralid
0.14 kg/ha
Picloram
0.07 kg/ha
Met methyl
0.42 kg/ha
Pic + Clop
0.035 kg/ha
Met methyl

Control
0.14 kg/ha
Met methyl
0.42 kg/ha
Picloram
0.42 kg/ha
Pic + Clop
0.28 kg/ha
Clopyralid
0.07 kg/ha
Met methyl
0.42 kg/ha
Clopyralid
0.035 kg/ha
Met methyl

0.42 kg/ha
Pic + Clop2
0.42 kg/ha
Picloram
0.14 kg/ha
Pic + Clop3
0.035 kg/ha
Met methyl3
0.14 kg/ha
Clopyralid3
0.14 kg/ha
Pic + Clop
0.14 kg/ha
Clopyralid
0.28 kg/ha
Clopyralid
0.28 kg/ha
Pic + Clop
0.14 kg/ha
Picloram
0.42 kg/ha
Clopyralid
0.07 kg/ha
Met methyl

^-Metsulfuron methyl
2Picloram + Clopyralid
3burned plots

Control
0.035 kg/ha
Met methyl
0.28 kg/ha
Picloram
0.14 kg/ha
Met methyl
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Threemile Site
Block 1

Block 2

Block 3

0.42 kg/ha
Picloram
0.28 kg/ha
Picloram
0.14 kg/ha
Pic + Clop2
0.14 kg/ha
Clopyralid
0.07 kg/ha
Met methyl
0.035 kg/ha
Met methyl
0.28 kg/ha
Pic + Clop
0.14 kg/ha
Clopyralid3
0.14 kg/ha
Pic + Clop3
0.035 kg/ha
Met methyl3
0.14 kg/ha
Met methyl
0.42 kg/ha
Pic + Clop
0.42 kg/ha
Clopyralid

0.035 kg/ha
Met methyl1
0.42 kg/ha
Clopyralid
0.14 kg/ha
Pic + Clop
0.28 kg/ha
Pic + Clop
0.035 kg/ha
Met methyl3
0.14 kg/ha
Clopyralid3
0.14 kg/ha
Pic + Clop3
0.42 kg/ha
Picloram
0.42 kg/ha
Pic + Clop
0.07 kg/ha
Met methyl

0.28 kg/ha
Clopyralid
0.14 kg/ha
Picloram
0.42 kg/ha
Clopyralid
0.28 kg/ha
Pic + Clop
0.07 kg/ha
Met methyl
0.28 kg/ha
Picloram
0.14 kg/ha
Clopyralid
0.035 kg/ha
Met methyl
0.14 kg/ha
Pic + Clop3
0.14 kg/ha
Clopyralid3
0.035 kg/ha
Met methyl3

Control
0.14 kg/ha
Picloram
0.28 kg/ha
Clopyralid

^Metsulfuron methyl
2Picloram + Clopyralid
3Burned plots

Control
0.28 kg/ha
Clopyralid
0.14 kg/ha
Picloram
0.14 kg/ha
Met methyl
0.28 kg/ha
Picloram
0.14 kg/ha
Clopyralid

Control
0.42 kg/ha
Picloram
0.14 kg/ha
Met methyl
0.14 kg/ha
Pic + Clop
0.42 kg/ha
Pic + Clop
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APPENDIX 3
Data means used for multiple comparison procedures

Table 1. Spotted knapweed standing crop (kg/ha)
Rate
(kg/ha)

1985
Lolo

Lolo

Metsulfuron methyl1

0.035

455.6

Metsulfuron methyl

0.035

Metsulfuron methyl

1986
Clearwater

Threemile

1398.3

1254.4

1160.3

586.6

775.8

1374.5

1362.1

0.07

497.0

1485.3

1387.9

1594.7

Metsulfuron methyl

0.14

283.7

959.3

1076.4

1747.9

Clopyralid1

0.14

41,.6

185.1

127.3

947.5

Clopyralid

0.14

45,.0

167.8

289.2

252.7

Clopyralid

0..28

25.,3

37,.7

120.,1

141.6

Clopyralid

0..42

21.,6

55..2

68,,6

120.7

Picloram & Clopyralid1

0..14

37.,4

108.,6

19..0

135.4

Picloram & Clopyralid

0.• 14

20.1

71.,7

67,,5

96.2

Picloram & Clopyralid

0.28

24.6

0.0

76.,8

69.5

Picloram & Clopyralid

0..42

28.8

0.0

72..5

2.0

Picloram

0.14

79.2

4.6

283.5

211.7

Picloram

0.28

23.2

18.2

18.6

8.0

Picloram

0.42

25.4

0.0

0.6

0.1

928.0

912.7

893.5

1234.6

Herbicide

Control

1Burned

plots
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APPENDIX 3 (cont.)

Table 2. Spotted knapweed density (plants/m2)
Rate
(kcr/ha)

Lolo

Clearwater

Threemile

Metsulfuron methyl1

0.035

548.0

137.3

160.0

Metsulfuron methyl

0.035

466.6

354.6

298.7

Metsulfuron methyl

0.07

235.3

154.6

161.3

Metsulfuron methyl

0.14

185.3

199.3

168.7

Clopyralid1

0,.14

81.3

54.7

80.0

Clopyralid

0,.14

168.6

186.3

110.7

Clopyralid

0..28

49.3

169.3

33-0

Clopyralid

0,.42

57.3

66.7

53.7

Picloram & Clopyralid1

0..14

41.3

23.0

38.0

Picloram & Clopyralid

0.,14

29.3

44.0

21.3

Picloram & Clopyralid

0.,28

0.0

36.0

18.7

Picloram & Clopyralid

0.42

0.0

17.3

3.3

Picloram

0.14

1.3

150.6

14.7

Picloram

0.28

0.0

14.0

2.0

Picloram

0.42

0.0

0.0

0-0

764.8

344.0

Herbicide

Control

1Burned

plots

238.67
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APPENDIX 3 (cont.)

Table 3. Standing crop (kg/ha) of prairie junegrass and kentucky bluegrass

Herbicide

Rate
(kg/ha)

Prairie
Junegrass2

Prairie
Junegrass3

Kentucky
Bluegrass4

Metsulfuron methyl1

0.035

92.3

58.9

202.3

Metsulfuron methyl

0.035

88.9

81.6

448.5

Metsulfuron methyl

0.07

63.7

74.0

365.6

Metsulfuron methyl

0,.14

64.7

67.9

627.3

Clopyralid1

0.14

163.3

203.8

872.5

Clopyralid

0..14

216.9

179.9

1068.5

Clopyralid

0,,28

330,0

212,.6

1179.7

Clopyralid

0.,42

352..7

159..9

1107.6

Picloram & Clopyralid1 0.,14

296..3

194.,9

940.2

Picloram & Clopyralid

0,,14

193.,4

186..2

1394.9

Picloram & Clopyralid

0,,28

576.9

272,,5

1196.1

Picloram & Clopyralid

0,,42

396.3

163.,1

1511.2

Picloram

0.14

264.0

307.4

1357.3

Picloram

0.28

297.3

256.2

1150.8

Picloram

0.42

659.5

173.8

1786.9

41.7

38.8

519.4

Control

^Burned plots
2Lolo site
3Clearwater site
4Threemile site
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APPENDIX 3 (cont.)

Table 4. Total grass standing crop (kg/ha)

Herbicide

Rate
(kg/ha)

Lolo

Clearwater

Threemile

Metsulfuron methyl1

0.035

595.9

551.9

338.7

Metsulfuron methyl

0.035

1042.9

572.1

546.8

Metsulfuron methyl

0.07

592.9

475.2

593.2

Metsulfuron methyl

0.14

770.4

696•9

747.3

Clopyralid1

0.14

1503.6

1024.5

949.6

Clopyralid

0.14

1351.7
-

1055,.3

1434.5

Clopyralid

0.28

1636.6

1269,.4

1390-6

Clopyralid

0.42

1773,.6

1322,,1

1433.2

Picloram & Clopyralid1

0.14

1582,.9

995,,2

1050.8

Picloram & Clopyralid

0.14

1752.,0

978.,4

1534.1

Picloram & Clopyralid

0.28

2038..0

890.,1

1350.4

Picloram & Clopyralid

0.42

1708.9

1672.1

1580.3

Picloram

0.14

1722.5

1066.9

2084.5

Picloram

0.28

1594.4

1448.8

1582.9

Picloram

0.42

1928.1

1660.7

1799.6

565.9

477.4

711.7

Control

1Burned

plots
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APPENDIX 3 (cont.)

Table 5.

Density (plants/m2) of all species from the families Asteraceae,
Brassicaceae arid Scrophulariaceae

Herbicide

Rate
(kg/ha)

Asteraceae2

Asteraceae3

Brassicaceae3

Scrophulariaceae4

Metsulfuron methyl1

0.035

1.4

5.1

28.8

1-0

Metsulfuron methyl

0.035

0-9

1.8

16.5

1.1

Metsulfuron methyl

0.07

0.7

1.2

28.8

0.5

Metsulfuron methyl

0.14

0-4

4-0

9.1

0.1

Clopyralid1

0.14

6.9

16.5

26.3

2.8

Clopyralid

0.14

3.8

15.9

19.7

1.8

Clopyralid

0-28

1.9

14.3

12.9

1.2

Clopyralid

0-42

0.9

3.3

18.1

1.0

Picloram &
Clopyralid1

0.14

4.1

13.9

15.1

3.6

Picloram &
Clopyralid

0.14

3.2

19.1

13.3

3.1

Picloram &
Clopyralid

0.28

1.1

5.4

11.6

1.2

Picloram &
Clopyralid

0.42

1.0

0.8

12.1

1.2

Picloram

0.14

1.8

13.0

15.7

1.2

Picloram

0.28

1.4

7.1

6.1

1.3

Picloram

0-42

2-0

1.6

13.5

2.2

5.9

47.3

11.4

1.3

Control
1Burned plots
^Lolo site
3Clearwater site
4Threemile site

APPENDIX 3 (cont.)

Table 6.

Herbicide

Forb density by species (plants/m2)

Rate
(kq/ha)

Metsulfuron
methyl1
Metsulfuron
methyl
Metsulfuron
methyl
Metsulfuron
methyl
Clopyralid1
Clopyralid
Clopyralid
Clopyralid
Picloram &
Clopyralid1
Picloram &
Clopyralid
Picloram &
Clopyralid
Picloram &
Clopyralid
Picloram
Picloram
Picloram
Control

Nineleaf
lomatium3

Western
yarrow2

Rose
pussytoes3

Arnica3

Arrcwleaf
Balsamroot2

Oreqon
fleabane2

Field
Fluffweed4

Blanketflower2

Goldenaster2

0.035

0.4

0.5

4.3

0.1

0..2

4.,1

1.,0

0..1

0.1

0.035

0.1

0.1

1.1

0.1

0.3

0.,1

0..4

0.,0

0.6

0..07

0.1

0.1

0.,6

0.0

0. 2

0.,1

0,.3

0..2

1.4

0. 14
0. 14
0., 14
0..28
0.42

0.0

0.0

0..4

0..0

4. 5
7.,9
3..4
0..8

0. 2
0. 2
0.,3
0..3
0.,2

0..0

5.9
2..2
1.0
0.. OL.

2.,6
10..8
7.,6
10.,4
2,.2

0..3

6.0
6.3
2.8
1..5

5. 3
1..3
0..5
0..6

3.,6
1,.4
0..9
0..7

2.9
2.,3
3. 1
0..8

1.6
0.4
0.9
0.3
0.3

0., 14

6.0

0.9

10.4

2..7

0. 2

6.9

1..5

2.,9

0.0

0..14

3..3

1 6

10..1

8..0

0..3

2.,5

0..6

2.,1

0.7

0..28

1..6

0,,2

0..7

4..4

0..4

0.9

0..1

1.7

0.1

0 42
0 14
0.28
0.42

0

0.. 1
04
0..5
0.0

0..6
2.1

0.,2
9 .8
4.,5
1..4
18..4

0.,1

1..3

0..4

5..6
2.,0
8.8
3..3

0.3
0.,2
0.2
0..2

1.,7
2.3
1..4
0.5
1..1

0.2
0.1
0.1
0.1
0.3

2Lolo site
^Clearwater site
4Threem.ile site

4
1 .8
0.7
0.2
12 2

7 .1

2.,2
0.0
22.8

0.5
0..3
0.1
0.7
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Table 6 (cont.).

Herbicide
Metsulfuron
methyl1
Metsulfuron
methyl
Metsulfuron
methyl
Metsulfuron
methyl
Clopyralid1
Clopyralid
Clopyralid
Clopyralid
Picloram &
Clopyralid1
Picloram &
Clopyralid
Picloram &
Clopyralid
Picloram &
Clopyralid
Picloram
Picloram
Picloram
Control
1Burned

Rate
(kq/ha)

Goldenrod2

Slender
forget-me-not3

Sandwort2

Silky
lupine3

Microsteris
gracilis3

0.035

0.5

384.6

0.0

0.4

6.3

5.1

2.6

4.3

0.035

0.7

285.8

0.0

1.2

11.3

8.8

3.8

6.5

0.07

0.3

225.5

0.0

0.4

6.2

8.4

2.4

5.7

0.14
0.14
0.14

19.8
18.3

6.4
11.4
6.7
8.8
6.3

4.1
5.8
3.5
5.0
9.3

1.5
2.2

1.8

5.6
8.4
2.9
4 6

0.6
18.3

0.42

346.6
410.6
192.6
241.3
230.0

0.1

0.28

0.0
8.5
11.1
1.4

2.5
1.9

1.3
2.3
4.6
3.2
6.3

0.14

3.8

327.3

3.7

9.9

5.9

2.1

0.8

1.4

0.14

4.1

85.7

1.3

7.5

8.5

3.3

0.4

1.7

0.28

1.3

246.6

1.5

2.6

5.3

1.3

0.0

1.0

0.42
0.14
0.28
0.42

0.9

0.3

1.1

0.1

0.3

1.0

0.0
0.0

0.0

0.6

228.1

8.5
6.3
7.2
4.3
7.2

3.5
7.5

1.4

0.2
0.4
1.7
0.3
0.3

1.6

1.2
0.2

112.5
152.0
35.7
37 7

46.4

4.9

8.3

plots
site
3Clearwater site
4Threemile site
2Lolo

Forb density by species (plants/m2)

0.2

Turoblemustard3

18.1

4 0
0.9
0.2

17.0

Microsteris
gracilis**

1.8

Microsteris
gracilis4

0.0
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Table 6 (cont.).

Herbicide
Metsulfuron
methyl1
Metsulfuron
methyl
Metsulfuron
methyl
Metsulfuron
methyl
Clopyralid1
Clopyralid
Clopyralid
Clopyralid
Picloram &
Clopyralid1
Picloram &
Clopyralid
Picloram &
Clopyralid
Picloram &
Clopyralid
Picloram
Picloram
Picloram
Control
^Burned plots
site
3Clearwater site
4Threemile site
2Lolo

Forb density by species (plants/m2)

Rate
(kq/ha)

Douglas
knotweed3

Sulfer
erioqonum3

Sheep
sorrel4

Northwest
cinquefoil2

Small-flowered
blue-eyed mary3

0.035

16.2

1.9

0.0

1.1

34.6

0.035

1.7

1.6

0.0

1.3

8.3

0.07

2.5

1.2

0.0

1.9

13.3

0.14
0.14
0.14
0.28
0.42

5.6
12.1
1.3
1.3
3.1

4.1
3.3
3.9
2.6
1.4

0.0
0.5
0.5
2.5
1.8

0.8
8.6
9.0
6.2
6.4

5.8
30.5
29.8
28.4
31.4

0.14

10.9

0.9

3.0

2.8

51.1

0.14

3.8

3.6

0.5

0.5

14.3

0.28

1.3

18

0.1

0.3

35.2

0.42
0.14
0.28
0.42

3.3
2.5
4.5
6.5
4.2

1.5
0.5
0.4
0.0
3.2

0.6
0.2
0.1
0.0
0.8

0.3
0.0
0.0
0.0
8.4

30.5
26.8
26.5
63.9
30.7
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APPENDIX 4
Approximate monthly precipitation received at Clearwater
during 1985 and 1986 compared to average monthly
precipitation.
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APPENDIX 5
Approximate monthly precipitation received at Lolo and
Threemile during 1985 and 1986 compared to average
monthly precipitation.
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